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Group A 

Claim? 1:1Z 

1 • The main argument of the applicant is that what is established for MWNT is not necessarily 
valid for SWNT. This is certainly correct but would remain a purely theoretical argument if 
no further elements of comparison were given. The applicant states mat single wall 
nanotubes ere fundamentally different from multi-wall nantubes. The single wall tubes are 
individual molecules, whereas the multlwall tubes are basically a cylindrical form of 
graphite. The single-wall tubes have remarkable mechanical, electrical and thermal 
characteristics because they are essentially perfect molecules. The multi-wall tubes are 
characterized by a much higher density of crystalline defects, which cnanges their physical 
properties in fundamental ways; 

2. The argument under 1 hereinbefore can be accepted. 

3. It is unclear whether 0, relates to MWNT or to SWNT. Nevertheless, the applicant must get 
the benefit of the doubt. As far as D a is concerned, it can be reasonably accepted that it 
probably relatea to MWNT (see p 276 left column lines 3-4 and p 276 left column, last §). 

Therefore, the applicant's argumentation towards, claims 1-17 is accepted and claims 1-17 
regarded as being novel and Inventive over the available prior art documents. 

Claims 53.71 



(a) The arguments of the applicant are rejected since 

(1 ) it is not correct to state that claims 63-86 are directed to 'purified SWNT" (see 
page 2 of the applicant's letter). They merely refer to "a composition of matter' 
which could for instance be in an as-synthesized state. 

(2) Neither does said claims indicate whether said "composition of matter* is macro- 
scopic or microscopic*. 

Therefore, the original objection (4-6) is maintained: 
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(b) The term "composition of matter" is unclear. Here, it is interpreted as meanino "a 
ceous material'. 9 



carbona- 



(c) The wording of claim 63 is extremely broad, so that it is felt that any bundle of SWNT 
anticipates claim 63. Such bundles are for instance to be seen on page 646 of D, but also 
on page 767 of D 4 (see comment on page 765 2nd paragraph). 

The same arguments are brought forward vis-a-vis of claims 64-66, 67.71 . 
Therefore claims 63-71 are regarded as lacking an inventive step. 
Claims 73.3 ft 

• Claim 72 j$ uftcjear ajnce jt now 8tatM {hat n jfl frem , Q {o 3Q . ^ ^ ^ ^ 

that the tubular carbon molecules contains at least one of R, R\ fl*. r» r* r* therefore 
necessitating n to be >0. 

It is suggested to limit n to values 1-30. 

The following comments are made supposing this suggestion Is followed 

According to the applicant. 0, does not relate to SWNT (see page 7 lines 33-35 of D5) 
functionallzed in a variety of ways. 

• Nevertheless, the SWNT of 0 4 (see pages 758; 770, 2nd paragraph and Fig. 19. 10(c) on 
page 772) can readily be derivatlzed, i.e. functionallzed by following the teaching of D s (see 
for instance 0,'s general statement on page 1 lines 1-14). 

0< also discloses filled nanotubes (see page 858). 

Since none of claims 72-80 contain any quantitative information on the degree of 
denization, it is considered that they lack an inventive step over 0 4 combined with 0,. 
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Claims 1 0fi. 1 1 Q .. 

» 

Endohedrally-loaded tubular carbon molecules are known for Instance from 
0 4 (see 3.d herein above). 

D 4 also discloses (see chapter 20) many possible applications. 

D 9 teaches that endohedrally.doped fullerenes can be used as memory bit. 
(Compare with present application, page 5 1 , lines 4-8). 

. the endohedralty loaded nanotubes of D 4 can be for instance loaded with •compounds of 
Gd, Yt, Mn", (see page 859, 2nd paragraph). 

Since the wording of claim. 1 00 does not specify any kind of endohedral sped* it is 
considered that It ia anticipated by D 4 . T 

The same conclusion Is valid for claim 1 08. 

D 4 does not explicitly recite or support Cor C* a possible endohedral species (as in 
present claim 107). but It ie considered to be within the reach of the skilled practitioner 
knowing 0 4 and 0, to extend said teaching so as to obtain a SWNT with C„ or as 
endohedral species. 

Consequently claim 107 ia regarded as lacking an inventive step. 
The same conclusion is made for claims 109-1 10. 



D, discloses on page 1 2 lines 8- 1 7 carbon fibrils, ie nanotubes (see page 1 1 lines 7-30) 
which can be "incorporated in a matrix", - the. matrix preferably being an organic polymer, 
eg a thermoset resin such as epoxy, bismafeimide, polyamide; a thermoplastic-resin; a 
metal or a ceramic material. 

According to the applicant, 0 5 merely relates to MWNT. 
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. it has been noted that the applicant's argumentation relates to the fact that processes 
which are valid for MWNT are not necessarily effective for SWNT. Nevertheless this 
argument oan>t be successful here because claim 1 17 does not recite any technical 
characteristic of the composite material, so that what should have been demonstrated is 
that by using the technic of D, with SWNT, no composite ftUU can be obtained. 

Nevertheless, the examiner opines that this is very unlikely to be the case, so that 

claim 1 1 7 is regarded as lacking in inventive step. 

The same conclusion applies to claims 1 18-124, 131. 

Claims 125-130 and 132-140 are regarded as lacking an inventive step since it cannot be 
seen what technical problem a man skilled in the art knowing D, would have had to solve 
inventively to oome to the preferred embodiments of claims 1 25-1 30. 

Claima 141-152 

An objection was raised on the base of D s . 

Nevertheless, the applicant considers that D, deals with multiwatl nanotubes laden with 
crystal defects, which is not predictive of the behaviour of the SWNT in claims 1 4 1 - 1 52. 

The argument Is here accepted. 

Therefore claims 141-152 are regarded as being novel and inventive over the available 
prior art. 



Claims 153-1 as 

As far as claims 153-156 are concerned, it appears that none of the available prior art 
literature suggest or discloses an antenna such as that claimed by present cleim 153. 

0 4 , chapter 20, teaches that a polymeric -C^ heterojunctlon is expected to exhibit a 
photovoltaic response (page 881). D 4 also gives on figure 20.2 (page 903) a schematic 
presentation of several proposed electronic device applications for carbon nantubaa 
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Nevertheless, no-explicit mention that a current could be generated through photo 
conductivity of such a tube is suggested or disclosed. 



Therefore, claims 1 53- 1 56 are both novel and inventive. 
Claims 157-189 

Considering D« page 903 fig. 20.2 as well as page 904 and D 7 , »or instance claims 36. *1 , 
45, 50. 53-55 etc... it cannot be seen what technical problem the skilled practitioner had to 
solve - in an inventive manner - to come to the embodiments of present claims 1 57-1 62. 

Therefore these are considered es not being Inventive. 

QfPUP 8; Claims 18-3P 

Claim 18 

It is not clear whether by 'said molecules having substantially equal iengths' is meant that 
these molecules merely should have any length within the range 5-500 nm or whether an 
average length within said range is meant 

0, discloses on page 473 right column first two lines. SWNT having a length ranging from 
1 00 nm up to several microns. 

At lea^one cutting technique is known from D t . 

Process step c) merely refers to en isolation procedure which is not precisely disclosed. 

Therefore, the isolation • purification procedures known in the art (see D„ D a . D 4 ) are 

encompassed by said process step, which therefore cannot be regarded as being inven- 
tive. 

Therefore, claim 18 is felt to lack an inventive step. 

• Claims 1 9»23 relate to a preferred cutting method comprising using a "high energy beam of 
high mass ions". 

- D, describes a cutting method comprising Injecting electrons into the nanotubes at "a 
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relatively high voltage" (page 2631 right column, paragrach before last). 



• Therefore claims 1 9-23 are novel over the available prior an literature. 



• Nevertheless it cannot be seen to what specific advantage, or to what unexpected effect, 
the use of high mass ions instead of electrons leads to. Why would the skilled practitioner 
knowing D, not be inclined to try cutting nanotubes with projectiles other than electrons? 

Therefore it is considered that the use of a "high energy beam of high mass ions" is a 
technically equivalent mean for cutting nanotubes. 

Therefore, claims 19-23 lack an inventive step. 

• Claims 24-25 relate to another cutting method, comprising sonicating with acoustic energy 
a suspension of SWNT in a medium. 

Since none of the documents cited in the search report mention or suggest that nanotubes 
could be cut by using sonicatlon (as described on page 26 lines 23 • page 27 line 19) 
present claims 24-25 are regarded as being novel and inventive. 

• None of the available prior art documents suggest that SWNT can be cut Dy refluxing the 
same in concentrated H NOy 

Therefore claims 26-30 are considered as being inventive. 
grOUP C. Claims 31.62. 81-105. 1 11.118 
- 0 5 appears to be the most relevant prior art document. 

• None of the documents of the I.S.R. disclose or suggest methods for forming a macro- 
scopic molecular array of tubular carbon molecules 

• Therefore present claims 31-62 must be considered as novel and inventive over said 
documents. 
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Moreover, the macroscopic molecular array of independent claim 81 as well as the product 
of claim 91 are neither disclosed nor suggested by the available prior art literature 



Therefore, claims 81-105 are both novel and inventive; the same conclusion applies to 
claims 111-116. 
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i. 



5 of: 



, A mtfhod for purifying a mWust comprising .infill carbon 
nanotubts and amorphous carbon contaminate, said method comprising tha steps 

(a) hating Slid mixta* under oxidiaing conditions sufficient to 
remove thi said amorphous carbon and 

(b) recoverfng a psoduct eompriain, at laut about 80V, by wigWt of 
iia|i«,waU carbon nanotubea. 

3 Th « w «todof«l«»2wl«*iaiii«o«|i«i«»»<l«« li »' ,cttd 

5 Tta nWhod of cUi« 3 xwaso*^ ""f^ *• !Bf " 

M of . c*« 6 «h««» ** **> c.^ 

MutntaiM *• «M>o«Uled product «* » 

,0 The MM <* — • ** 

30 stomal Aocculnocud liquid cyoloolo*. 
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1 2 The method of claim 1 0 wherein said solid product is a paper- like 
two dimensional product 

13. The method of claim 1 2 additionally comprising the ltep of drying 
the product. 

5 14. The method of claim 13 wherein laid product is dned at about 

850' C in a hydrogen gas atmosphere. 

1 5. The method of claim 1 wherein said product comprises at least 
about 90% by weight of single-well carbon nnnotubea. 

Id. The method of claim 1 wherein said product comprises at least 
10 about 95% by weight of single-well carbon nanotubes, ' 

17. The method of claim 1 wherein said product comprises at least 
about 99% by weight of single-wall carbon nanotubes. 

18- A method for producing tubular carbon molecules of about 5 to 500 
run in length, said method comprising the steps of; 
\ 5 (a) providing a single. wall carbon aanotube -containing materia] . 

(b) cutting single-wall nanotubes in said single-wall nanorube 
contatoing-mtteritt to form a mixture of tubular carbon molecules 
having lengths in the range of 5-500 nm; 

(c) isolating from said mixture of tubular carbon molecules a fraction 
20 of said molecules having substantially equal lengths. 

19. The method of claim 1 8 wherein said cutting single-wall nanotubes 
into tubular carbon molecules comprising the steps of: 

(a) forming a substantially two-dimensional target containing single- 
wall nanotubes of lengths up to about one micron or more, and 
25 (b) irradiating said target with a high energy beam of high mass ions. 

20. The method of claim 1 9 wherein a high energy beam is produced 
in s cyclotron and has an energy of fiom about 0. 1 to about 10 GeV. 

21. The method of claim 19 wherein said high mass ion has a mass of 
greater than about 1 50 AMU. 
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22. The method of claim 21 wherein said high mas. U» U selected from 
the group consisting of gold, bismuth and manium. 

23 The method of claim of 22 wherein the high m«s ion ii An" 
5 24. Tl-melhodofcleimlswher^^ 

into tubular carbon moleculei comprises the steps of: 

(a) forming a suspension of aiflg^l nanetub* in i medium; 

(b) sonicating aaid suspenaion with acouauc energy- 

25. The method of claim 24 whtein said acoustic energy is produced 
10 by.d«viceopetatingat40KHzandhavinganouiptitbf20W 

M The method of claim 18 wherein said cutting .ingle-wad nanorubee 
jftW tubular carbon molecule. comprise, r^uxing sing* well carbon ««*. 
coateining material in concentrated HNO,. 

27 The method of claim 19 further comprising the step of hcanng the 
tubuUr carton molecule, to form a nemiepheric fullerene cap on a. least one end 
thereof. • ^ 

tm » w of b. *- *• 

, 5 of m; -w. «r>. *. -W. or 

». „ ,. lB »d to« .he group cooMm. »fby*H» ■* ">" 

— «^^^«— 

. Itar « =*U« «b» ** «taOr **** ■* « « ~ re 
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(b) 
(d> 



-rti"^^ - - — - * 

carbon roeleculer, ' 

.-.i^th* materia* to which aaidlinkmfi 
providing a wbauatt coated with a matanai to 

moiety will attach; and 

i_ , « rt i«sul«t containing a . 

contacting »aid tubular carbon moieuuea oon» » 

moiety with laid iubstrit«. ( , . th , 

«. Th. mltodof clnim 31 wh«^n «ld suto^ vs aciec-d ^ the 

^^^^^^^^^ 

33. The method of dam 32 whetem saW luuang _ 

. from th. group co«»»nng of 4k MWk NH, ^ 

34. A method for forming t macroecoptc moleeuw array 

cirb0 c molecule.. «»d matted compriiing the of: _ 

(a) ^tn^o^nrnyofnUcro-lUon.^ 

M dir^aitrumofhydtc^BorCOf^tock^^a! 
Mnotubei from each microwell. 

------- 



*6 

staff lengths ofbrok«T»«»tub.sto protrude up fronted «Htar- 

p,^* » aid Mtet »d «•>«» >■» » "" , * 
WttU iosencticQ Pwcet. 

»IO' > ill«l^«^« ,, ««^ ,,iIl,6 ' eWBPM '' ,,,, * y ' . „ 

tovlo, ,uW»Mr tote !=»•»» * *• » f *"" *"* 

tubule eeAoa molecules in uid«W 
(6) ^^upp-rendsof^^-bonmo^lcs,^ 

«n«y with it lw»» one catalytic meul; 
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to the end of »»« artty * hil< 

- i„ ,h* rmn« of about 500" C to ibou; I 300° C, *nd 
» ttempereiuie in «« ran|e oi w« 

l>.«luooc^*n«lo«*« u » B,ttl • wa " l " , ** , ' . ,,„„ 

51. Tk.nw*«lofd»m««*«"»""™' lr " 

52 „ tta method or us . s dep0Wid 

, the mgup consisting ot salts, oxides 

in the form of »me*p*cut»r.eleeted from the flr*** 

and complexes of said meal. 
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. . „ «t*,i» mm amy* W 1 u 4 * pMital 

O. Ae ^tio«<>«" , »' , ' Mm ' nw '' 
o( »it>«l»«ll subon nwetubn. ^ „„ 

, 5 65. The composrttoocf claim w Borap" 

w W ghtof»mgl•-^«•' boBp • n0tub • , : ^ ftmorialBftl tie«t about 99V. by 
66. The composition ofcl^.Wcoinpn^g *t imx 

wight of singled cubon molecule* ^ 
. 67 . A felt comprising utle-t about 80 /*»oy 

30 carbon nanotubes. 
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• • . .i i«*t iboa; 90% by wei t h< of 
61. The felt of claim 67 *m**H 

sitgle-wellnanotubej. v-*ta*»bo*«tt by weight of 

«ngto-«d nenowbee. 9W> „ y weight of 

5 70. The felt of claim tfcompmmg* ie» 

8 in|l*willnenowb«' _ r«,m of a W^Ute material 

71 Thefeltofcliim67m*efonnot»P«per 

£ Mubul^nmclecul.h.vin.thefollo^^. 



10 



15 




whet* 



20 



n 



i, a substantially defect-ftee 
cylindrical V»Pher.c sheet 
(optional doped with non«rt>on 
^h.v.oifro^eboutlO^olO* 

carbon atom*; 



25 



where 



30 



i4 t hemiiphefx Serene « P 
having tt losi six penta^one end the 

^tinder he*e»ons; 
ijtnumbeffromCto^O:^ 



, lmt ... tK h may U indep.nd.nrly selected from 

^ pQup a ^ of Hydrogen; 

aeyl aryl awltf. h » ,0 « en; iUbsUlUted " 
unad*** thiol; unaubwtuud or 
^biuwwd amino; hydroxy, and OR 
5 whflttin *• is elected fto« the .roup 

comitini of hydrogen, IkyU acyl. ury. 
artikyl, uoiubsiiruied or lubitituted ammo. 
iubttituMd o» unsubentuted thiol; and 
halogen; and a linear or cyclic carbon chain 
10 0 ptiowUy inurrupud with on. or more 

hetcroi^wdoptiotiiilyaubadtutedwto 

one or mora -0, or -S hydroxy, m 
aoinoalkyt group, an amino acid, or a 
pop^ of 2-1 amino acids. 
15 ^.riathetubuiarcarbonmoleeule contains 

tflatKonaofR.^R 1 .*' 0 '* 1 

, . 77 wherein said cndohedrsl »P«««s « 
78 . The molecule of cla-m 77 ^ other ^ 

molecules and mixture thereof. 
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wall caibon™^ f . lb _ ut 5 w iboux 500 nanomeicrs. 

*Z*--»'*-*- id -* , " , ' d, T: w * 

* ofthi(m.n) type. 

25 91. A macrowopis wrton fiber compniuig 
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. far uowina continuous length when 
94. A molecular template array for growms 

ftf the fiber of diinx 91 . 
The AbOT of cW m 91 vhstt,n 

Klec i^ from the group cotmwni ^unt 

l0 ^^^^^^ ' 

of U-c«boa fiber. of cleimW . whereiB ^ propel U 

99 The eompoette article or ^ 



0 negative polarity 

^toa^cpdof-idWt ^^^^^ 

1 10. Tta memory d«vic« of «»uo 

$ »d btt compri.* ^ ljlMed . t fir* vote* 

»fltitninoch«uit element «»P ^u-tw-cfi and 

15 CV^-**"** 8 " 11- "' l<M tri»«dtob.bU«d.o ground voluge 
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iniherenieofaboutSOO'Cioabovt 1300*C; 

.Ml for ' ^^open 

growth end annealing zone immediacy ao}« 

«da of aid nnnotube. in aid tempi** amy; ^ 
endsorawnnn • ^oa fiber from sa.d 

tot continuous removing g» wn « 

1)6. T*. appetetui of claim U5 ^« „ a ^ 

15 ^Wwhichoidcon^yP^^^ 15 ^ 
up roll at atmoephetie preoute. 

1 17. A compeeitt maierial compnwng: 

20 matrix. u7 therein »id itjuix 

lit. The corapoaiie mawal of claim . 

oonpnoaapolymar. whtr«n said polymer 

119, The compoaitt material « cwun 
compriie,afl«t«oattin8poly«ef. 
25 l20 . rheco^aitt^o^ 

^ selected ^^^^ «d nadic gapped 
vinyl eai«». epoxiea. P 1 ^ 1 ^ 

polyiinid". ug wNwto said polymer 

121. The composite material of claim u 

30 comprises a thetmoplaaiic polymer- 
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lM> wwpo** mttertai of cw 
u4 . The composite matcriil or 

na ^b»rwttri«lcompriiiag: 

25 w combini«g.^-^ i6 « b0BniBOW 

precursor f *nd . . 
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^oriented in a duccoonoti-r^p^ ^ 
2Q 139 . -r^m^odofclmmtllorn^ww 

. — i.^^M***""";. ^. rfsl ^ ,41. *>«>«• 



,44. V* 0 f vu 4«r Wul. 

3 ^b"^'"^*"'"" „ cWra ,4,. »h«h b» 
A ta, e -dim4n*»4l """"^ 

elfstrwn4gB4li4 pwp4Rii4. wkewill ^ 

l5l . AUBtt *wMi«»l«««W' oftl,i * 1 ' 

xm *Z A ^^»--«»- rft '' im14 '' """"""" 

, SJ . „ .n* ° f ^ MW """°^l 0(c ;^ ,55. ^« »d 

IS< . TN4Wt.roriHh.i-.v~oW"—- 0,c 
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